A list of 681 UBV RI secondary standard stars for CCD photometry is presented. Visual magnitude ranges from 9.7 to 19.4, and the B − V colour index varies from 1.15 to 1.97. The stars are grouped into 11 different fields, each of them is generally observable in a single CCD frame. The stars are located near Landolt UBV RI equatorial standards, accessible to telescopes in both hemispheres, and mainly within the 5 − 8 hours range of right ascension. Photometry, equatorial coordinates and finding charts are provided.
Introduction
One of the advantages of CCD photometry when compared to photoelectric detectors arises from the possibility of measuring more than one star simultaneously. This point is specially interesting in highly populated regions, as star clusters, where usually we are interested in several (or all) stars present in the CCD frame.
In order to transform instrumental CCD measurements to the standard system, it is necessary to observe a suitable set of standard stars. Quite often several stars
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Based on observations made at the Centro Astronómico Hispano-Alemán and the Observatorio Astronómico Nacional in Calar Alto, Almería, Spain.
Full version of Table 4 is only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) Detector  360  440  550  650  800  GEC#10  17%  19%  31%  49%  43%  TEK#6  50%  60%  65%  70%  60%  THX 31156  17%  15%  28%  38%  32% are detected in the neighbourhood of a primary standard star, but they cannot be used in the reduction procedure due to the lack of standard photometry. So, the advantage arising from the two-dimensional character of CCD detectors is lost. UBV RI standard stars by Landolt (1983 Landolt ( , 1992 ) are widely used. They constitute an internally consistent and homogeneous realization of the Johnson-Cousins photometric system. Their location close to the celestial equator makes them accessible to telescopes in both hemispheres.
The purpose of this paper is to provide standard UBV RI-CCD photometry for stars in the neighbourhood of several Landolt standard stars. This will allow the use of several reduction-useful stars from a single CCD frame. The stars presented in this paper are grouped in 11 different fields, each one containing at least one Landolt star. Table 3 . Number of standard stars (N) and their rms residuals (σ) of each night of observation. VX denotes V magnitude computed using colour index X in the colour-term-dependent part of the transformation equations 
Observations and reduction
The data were acquired in the course of several campaigns devoted to obtain deep UBV RI Johnson-Cousins CCD photometry of open clusters and stellar associations (Cep OB3, IC 348, NGC 1750/NGC 1758; Jordi et al. 1995; Trullols & Jordi 1997; Galadí-Enríquez et al. 1998) in November 1991 , October 1993 , December 1993 and December 1994 at the telescopes of Centro Astronómico Hispano-Alemán (CAHA) and Observatorio Astronómico Nacional (OAN), both in Calar Alto, Almería (Spain). In these observational runs, Landolt stars were used as reference for the transformation to the standard photometric system. Table 1 shows the telescopes and chips used in each observation period. Table 2 gives the quantum efficiency of the detectors at the central wavelengths of the standard UBV RI filters. The reduction from raw images to standard photometry was performed following Jordi et al. (1995) , and we refer to them for a fully detailed description of the procedure. In the following paragraphs we summarize the main steps of this process.
Bias level was evaluated individually for each frame by averaging the counts of the most stable pixels in the overscan areas. The 2-D structure of the bias current was determined from a number of dark frames with zero exposure time. As pointed out in previous papers (Galadí-Enríquez et al. 1994; Jordi et al. 1995) , shutter timing effects can affect the photometric results, specially when dealing with bright stars (short exposure times). The shutters of every CCD-camera were analyzed following Galadí-Enríquez et al. (1994) , and shutter effects were removed from flat-field and object frames.
The frames were processed using the ESO image processing software midas. Aperture photometry was obtained using daophot, and aperture corrections were determined and applied with daogrow (Stetson 1987 (Stetson , 1990 . Cross-identification of stars in different frames was performed using daomatch and daomaster programs (Stetson 1993) .
In order to perform the transformation to the standard system, between 15 and 30 different Landolt (1983 Landolt ( , 1992 standard stars, carefully selected to cover a wide range of spectral types and air masses, were observed each night.
The coefficients of the transformations were computed by a least square method using the instrumental magnitudes of the standard stars and their standard magnitudes and colours in the Johnson-Cousins system. Standard stars with residuals greater than 2σ were not used in the transformation procedure. The rejected stars in each night were few (from 0 to 3 stars). Since these stars were different from night to night, the problem cannot be associated to their standard values: indivudal measurement problems are most probably the cause. Each rejection was checked in order not to reduce the colour range covered by the standard stars. The calculation was done in two steps, determining first the extinction coefficients (Eqs. (2) and (3) in Jordi et al. 1995) and, then fitting the remaining model parameters. Independent reductions were made for each night. The differences among instrumental coefficients from night to night within the same observing period were small and within the determined errors. The rms residuals of the standard stars are given in Table 3 . The transformation equations were applied to the instrumental data of the stars detected in the neighbourhood of Landolt standard stars. The internal errors of individual measurements were computed as described in Jordi et al. (1995) , taking into account the errors in the instrumental magnitudes on the one hand, and the errors in the transformation equations on the other hand. No evidence of systematic differences between data acquired in different observational runs was found, what indicates that the transformations succesfully compensated the sensitivity differences among the instrumental systems.
Thus, final magnitudes and colours were obtained by averaging the individual measurements of each star using the internal error for weighting (Jordi et al. 1995; Rosselló et al. 1985) , after rejecting obviously wrong measurements (those with deviation from the mean larger than 2σ). The photometric errors were computed as the mean error of the mean of the final magnitudes and colours.
Selection criteria
From the detected stars, 681 have sufficient number of consistent observations to be useful as UBV RI secondary standard stars. The selection of these stars was done applying the following criteria.
The field of view of the detectors used in each observational run is different and, thus, not all the stars in the neighbourhood of our Landolt stars have been observed in all the observation periods. The final sample has been split into two different sets: #1 stars having al least 3 useful measurements in at least 2 different observation periods and #2 stars having at least 4 useful measurements belonging to the same period.
Among this sample, we considered as candidates to be secondary standard stars only those whose photometric errors were smaller than 0.06 mag in all bands (except from U − B, where the limit was set at 0.10 mag). Stars rejected were mainly faint ones. In order to avoid possible variables, Landolt (1983 Landolt ( , 1992 computed the average of the standard deviation in V for his complete sample and omitted those stars whose standard deviation were larger than twice this average. Landolt's standard deviations were similar along all the magnitude range covered by his stars, but we have very different values from the bright to the faint end. For this reason, we applied the same clipping procedure not to the whole sample, but by intervals of two magnitudes. Inside each interval, errors increase with magnitude in a continuous manner, but this bias is very slight and only affects the rejection/acceptance of stars with larger standard deviation. Reducing the interval would lead to small number statistics in several bins. In average, the 431 stars in set #1 were observed in 2.1 periods and have 11.7 measurements in filter V . The 250 stars in set #2 have, in average, 6.6 measurements in filter V and were observed in 1.2 periods.
Cross-identifications and astrometry
Equatorial coordinates were computed for all selected stars using the USNO-A V2.0 catalogue (Monet et al. 1998) as reference. In each field, several stars were cross-identified with the USNO catalogue by ocular inspection. These stars were used to compute initial linear transformation equations from frame coordinates (x, y) to (α, δ), including scale and rotation terms. The resulting equatorial coordinates were introduced into an iterative crossing-fitting procedure until convergence in the number of matched stars was reached. We did not restrict this process to the selected sample; instead, all stars detected in our CCD data were used. The final rms residual of the fittings were in both coordinates around 0.32 arcsec, in accordance with the precision claimed for Table 5 . UBV RI photometry of several Landolt standard stars. Columns give the star identifier, our photometric data (magnitude V and colour indexes B − V , U − B, V − R and V − I) with their standard errors and, in the last columns, the number of observational runs (Nr) and the number of measurements (Nm) used for each star in each band (V , B, U , R and I, in this order) USNO-A V2.0 (around 0.25 arcsec in each coordinate) and with the deviations that may arise from proper motions due to epoch differences.
Several discordant matches with USNO-A V2.0 (further than 1 arcsec) were due to relatively high proper-motion stars. Other discordant matches were in every case related to double stars not resolved in USNO plate scans, but well-separated in our CCD data. In these cases, the match was assigned to the primary (brighter) component.
The positions given for our stars were determined by applying the transformation equations from (x, y) to (α, δ) (J2000.0 equinox, at the mean epoch of the observations). These equatorial coordinates were used to match our stars with AC 2000 catalogue (Urban et al. 2000) . Due to the brighter limiting magnitude of AC 2000, few of our stars have a cross-identification with this catalogue.
Description of the sample
The astrometric positions were used to assign individual identifiers to the stars in our sample. First of all, the different fields were numbered from 1 to 11 following the order of the increasing mean right ascension. Inside each field, stars were numbered following the order of the increasing right ascension. Table 4 contains both data sets #1 and #2. This table (available also in electronic form) contains: field number and star number inside that field, J2000.0 equatorial coordinates, photometry (V , B − V , U − B, V − R, V − I, each quantity followed by its internal error), number of observational runs in which useful data were obtained, number of useful measurements in V , cross-identification with USNO-A V2.0 catalogue, and notes. Notes give further cross-identifications with AC 2000, Tycho and Hipparcos (ESA 1997) catalogues (matches with Tycho and Hipparcos are directly drawn from AC 2000) and the Selected Areas. Stars belonging to set #2 are marked with an asterisk in the notes. Stars from set #1 are not marked.
The colour index and apparent visual magnitude distributions of the stars included in sets #1 and #2 are shown in Figs. 1 to 5. The photometric errors as a function of apparent visual magnitude are given in Fig. 6 for set #1 and in Fig. 7 for set #2. Table 5 includes our photometric values for several Landolt standard stars. Individual differences with Landolt's photometry are given in Table 6 . The rms of the residuals with the values given by Landolt (1983 Landolt ( , 1992 are σ V = 0.009 mag, σ B−V = 0.014 mag, σ U−B = 0.032 mag, σ V −R = 0.005 mag and σ V −I = 0.013 mag, which are of the same order as the residuals quoted in Table 3 .
Figures 8 to 18 display identification charts for our 11 fields. Figure captions identify each field by its number, and the stars in our sample are labelled with the same numbering system used in Table 4 . Landolt stars are marked with capital letters, and their identifiers are given in figure captions.
Conclusions
We have provided a set of 681 new secondary standard stars which are useful for the transformation of instrumental UBV RI-CCD data to the standard Johnson-Cousins system. These stars cover a wide interval in visual magnitude as well as in colour indexes. They are distributed in 11 different fields, all of them located around Landolt (1983 Landolt ( , 1992 ) primary standards and mainly in the interval from 5 to 8 hours in right ascension.
